Risk of experiencing alcohol and medication interactions (AMI) is significant among older adults due to the substantial prevalence of alcohol and medication use in this segment of the population. Given the lack of community-level AMI prevention interventions for older adults, this study aimed to examine the immediate effects of a brief, pharmacy-based intervention to prevent AMI among older adults, as well as assess differential effects by past-month drinking status. A convenience sample of 134 adults aged 59 and older was recruited from four pharmacies in rural Virginia. Participants were assessed on their AMI awareness, intentions and importance prior to and immediately after exposure to intervention materials. Findings support immediate, positive intervention effects on AMI awareness, intentions and perceived importance of AMI messaging. Changes from pre to post-test did not differ by drinking status, but participants who consumed alcohol were less likely than non-drinkers to recognize the potential consequential severity of alcohol and medication interactions at both time points. Recommendations and future research to prevent AMI are discussed.
Introduction
Medication safety, in regards to concomitant alcohol use, is a growing and under recognized public health concern for the older adult population. Risk of experiencing alcohol and medication interactions (AMI) in the older adult age group is high, given the substantial prevalence of both medication use and alcohol consumption in this population. Almost 90% of adults aged 60 and over take at least one medication, and over 75% take two or more [1, 2] . In addition to high levels of medication use, over half of the older adult population consumes alcohol [3] [4] [5] . Simultaneous use of alcohol and medications is also widespread. In two studies conducted in Finland, Immonen et al. [6] found that 62% of adults aged 65 and older who took medications also consumed alcohol, and Aira et al. [7] found that 87% of adults aged 75 and older who drank alcohol took medications on a regular basis.
Many common medications taken by older adults are considered alcohol-interactive, in which taking the medication while also consuming alcohol can cause differential medication effects with adverse health consequences [8] . Breslow et al. [9] found that 78% of adults aged 65 years and older who consumed alcohol used an alcohol-interactive medication, and use of these medications among older adults was significantly higher than for all other age groups. Similarly, Cousins et al. [10] found that 60% of adults aged 60 and older who took alcohol-interactive medications also reported concomitant alcohol use. Although older adults cite potential AMI as a reason for reducing alcohol use [11] , alcohol consumption is still frequent among those taking alcohol-interactive medications. In fact, research has shown that older adults who engage in drinking behavior that is considered high risk for their age group according to standards set by the National Institute on Alcohol Abuse and Alcoholism (more than seven drinks in a week, five or more drinks on a typical drinking day, or three or more drinks several times a week) are more likely to take alcohol-interactive prescription medications than those who drink alcohol in moderation (less than seven drinks a week but at least one drink a month) [6] .
Recent studies have shown increases in hospitalizations related to AMI among older adults [12, 13] . From 2005 to 2011 in the United States, the incidence of emergency room visits for adverse drug reactions with alcohol involvement among 55 and older female adults significantly increased from 4.8 to 7.2 visits per 100 000 people, with central nervous system agents and cardiovascular agents as the most common classes of medication involved. Additionally, adverse drug reactions with alcohol involvement resulted in more serious health outcomes when compared with those unrelated to alcohol consumption [13] . Negative health outcomes related to AMI include falls, dizziness, depression, seizures, hypertension, respiratory issues, kidney failure and worsening of current disease states [14, 15] . Older adults are at particular risk for these negative health outcomes due to age-related changes in the absorption and metabolism of both medications and alcohol over time [15] .
While there is a large body of evidence supporting brief interventions to reduce alcohol use among older adults [16] [17] [18] [19] [20] [21] , brief interventions are needed that target high-risk conditions, such as AMI. The community pharmacy has the potential to act as an effective context for the distribution of health education materials related to safe alcohol and medication use. Pharmacists have acknowledged that providing alcohol health information should be part of their professional practice and that they are confident about counseling older adults on medication and alcohol use hazards [22] . In addition, pharmacists' knowledge of safe alcohol consumption recommendations is high [23] . Despite dispensing medications as an ideal opportunity for pharmacists to deliver AMI prevention information to older adults, few pharmacists advise their clients on alcohol consumption [23, 24] , and older adults rarely consult with their pharmacist about alcohol and medication safety [25] . Of particular importance are pharmacy-based interventions that target residents of rural communities, as AMI-related hospitalizations are increasing more rapidly among older adults living in rural areas [12] . Accordingly, this study has two distinct aims: (1) examine the immediate effects of a brief, pharmacybased intervention to prevent AMI among older adults; and (2) assess whether the effects of the intervention differ by individual drinking status.
Methods
From September 2015 to August 2016, a convenience sample of 134 adults aged 59 and older was recruited from four pharmacies in a rural region of Virginia. A research assistant visited each pharmacy 12 times during the study period, with a total of 48 site visits. Each pharmacy allowed the research assistant to set up a table near the register with information on study eligibility, but recruitment did not interfere with the business operations of the site. Individuals were asked to participate in the study by the research assistant or at the recommendation of the pharmacy staff. Once the participant agreed to participate, they provided informed consent and took a brief paper and pencil pre-test to assess AMI awareness, intentions and perceived importance of AMI messaging. The research assistant then provided the participant with an informational poster, brochure and 60-s public service announcement to review. Participants had as much time as they needed to review the materials, and they could ask the research assistant questions about the material if they liked. After they completed reviewing the intervention materials, participants completed a brief post-test. All participants received a gift card for their participation. All procedures were approved by the Institutional Review Board at the University of Maryland.
The AMI intervention materials covered four main learning objectives: (1) defining an AMI, (2) AMI risk factors, (3) behavioral change suggestions for reducing AMI risk and (4) emergency planning for experiencing an AMI. The intervention materials were created by the research team based on existing academic literature and preliminary surveys and interviews with community pharmacists [25, 26] . The key learning objectives of the intervention address the theoretical principles of the Health Belief Model [27] and the Information-MotivationBehavioral Skills Model [28] , within the information/education, threat, motivation, behavioral skills and barrier/motivator domains [29] . Specifically, the AMI intervention content provides awareness and information about AMI risk as well as targets motivation for behavioral change, specifically for alcohol and clinician consultation, which can then reduce AMI risk through healthier alcohol and medication use. These materials were vetted with a different sample of older adults and were shown to be effective in increasing perceived importance of AMI prevention messages as well as knowledge of potential consequences of AMI [30] .
Measures Demographics
At baseline, participants provided information on their age, gender, race, marital status, education, employment status and past-year household income.
Health status and behaviors
Participants provided information on whether they had any current health conditions and whether they had any physical or mental limitations that restricted their life activity. Participants also indicated whether they had ever experienced an AMI in their lifetime. Participants were asked about their current medication intake (none, over the counter, prescription or both) and past-month alcohol consumption.
AMI awareness
Participants were asked about the frequency in which they talk to their doctor or pharmacist about the potential for AMI and whether alcohol and medications can be used safely together. Participants also identified what they thought was a safe amount of alcohol a person could consume when also taking medications. In addition, participants were asked about what medications they believe are potentially dangerous when taken with alcohol, with medications including Tylenol (acetaminophen), Advil (ibuprofen), Aleve (naproxen), prescription pain treatment medications and psychiatric treatment medications. A continuous variable ranging from 0 to 5 was created to represent the number of potentially dangerous medications indicated. Participants were also asked about 17 possible AMI side effects, including vomiting, falls and shortness of breath. A continuous variable ranging from 0 to 17 was created to represent the number of potential AMI side effects indicated.
AMI intentions
Participants reported their willingness to talk to their doctor about possible AMI, change how much alcohol they consumed to prevent AMI, talk to friends and family about the possibility of AMI, and be an advocate for safe alcohol and medication use.
AMI importance
Participants were asked the importance of seven different AMI prevention messages, using a scale from 1 (very important) to 5 (not very important). Statements were related to alcohol consumption, AMI severity, and AMI prevention.
Statistical analyses
SPSS Version 24 was used for all statistical analyses. Analyses were completed using all available Immediate effects of a brief intervention to prevent alcohol and medication interactions data at each time point, and descriptive statistics were used to calculate the frequencies and means of study variables. Using independent t-tests to analyze continuous variables and chi-squared tests to analyze categorical variables, all demographic, health status and health behavior variables were tested for differences by drinking group. To examine pre to post-test rates of change, a generalized estimating equations (GEE) approach was used. Linear models were fit for variables with a scale response (importance, dangerous medications and potential AMI side effects), ordinal logistic models were fit for AMI awareness variables measured on an ordinal scale, and binary logistic models were fit for variables regarding AMI intentions. For further analyses of differential effects by drinking group, both a group and a group-by-time interaction, as well as marital status, education and income as potential confounders, were added to all models. Analysis by drinking group examined differences by drinking status on the pre and post-tests separately, and analysis of group-by-time interaction assessed whether changes from pre to post-test differed based on drinking status.
The inclusion of marital status, education and income in all analyses by past-month drinking status was supported by preliminary examination of associations between demographic characteristics and drinking status as well as existing literature. Research has shown that alcohol use among older adults is associated with higher socioeconomic status [31, 32] , higher education levels [32, 33] and being unmarried [32] .
Results
Participants ranged in age from 59 to 94 years old, with a mean age of 72 (see Table I ). The sample (n ¼ 134) was 63% female, 95% white and 82% married or widowed. The majority of participants had a high school education or higher, two-thirds were retired and about half had a past-year household income of $50 000 or less. Ninety-five percent of the sample was currently taking medications, with 60% taking both over-the-counter and prescription medications and 33% taking prescription medications only. The majority of the sample (60%) had more than one current health condition, but over half (56%) indicated they did not have any physical or mental limitations that restricted their daily life activity. At baseline, 58 participants (43%) had consumed alcohol in the past month.
Changes from pre to post-test AMI awareness
In the total sample, the amount of participants selecting 'no more than one drink a day' as the safe amount of alcohol to consume while also taking medications significantly increased from 29% on the pre-test to 58% on the post-test (P ¼ 0.001) (see Table II ). When participants were asked to identify potential side effects of AMI from a list of 17 possibilities, a significant increase from the mean number of side effects identified on the pre-test (10.26) to the post-test (12.49) was found (P < 0.001). Out of five possible medications that could be potentially dangerous when mixed with alcohol, there was a significant increase from a mean of 2.56 medications identified on the pre-test to 3.08 medications identified on the post-test (P < 0.001). The percentage of participants who believed alcohol and medications could never be used safely together remained stable from pre (44%) to post-test (46%).
AMI intentions
Willingness to talk to a doctor or pharmacist about AMI also changed significantly from pre to posttest, with an increase from 74% on the pre-test to 81% on the post-test (P ¼ 0.044). As indicated on the pre-test, 85% of the sample was willing to talk to friends and family about AMI, and 71% of participants were willing to act as an advocate for safe alcohol and medication use. These findings remained stable from pre to post-test.
AMI importance
As seen in Table III , the pre-test showed high baseline levels of perceived importance of AMI prevention messages when participants ranked them on a scale from 1 (very important) to 5 (not very important). Mean scores on the pre-test ranged from 1.09 for 'Alcohol and medication interactions can be potentially dangerous, and even life threatening' to 2.14 for 'It is important to consume no more than one drink a day'. Post-intervention, perceived importance increased for all seven statements, and these increases were significant for four out of the seven statements, three of which pertained to safe Immediate effects of a brief intervention to prevent alcohol and medication interactions Significantly different by drinking status at both time points at the P < 0.05 level. Significant change from pre to post-test in the overall sample at the P < 0.05 level.
levels of alcohol consumption, and the fourth about the importance of clinical consultation for preventing AMI.
Differences by drinking status
There was evidence of differences by drinking status for individual items. As shown in Table II , half of the total sample (49%) indicated on the pre-test that they never spoke with their doctor or pharmacist about the potential for AMI, and this finding varied significantly by past-month drinking status (P < 0.001). While 65% of non-drinkers indicated they never spoke to their doctor or pharmacist about potential for AMI, only 29% of drinkers chose the same response. The frequency with which participants thought alcohol and medications could be used safely together was also significantly different by drinking status on both the pre and post-tests (P < 0.001), with 65% of non-drinkers and only 17% of drinkers indicating on the pre-test that medications can never be used safely with alcohol. In addition, 82% of non-drinkers and 28% of drinkers indicated on the pre-test and 58% of non-drinkers and 9% of drinkers indicated on the post-test that no level of alcohol is ever safe to consume with medications; this group difference was statistically significant (P < 0.001).
Willingness to talk to a doctor or pharmacist about the potential for AMI and willingness to change alcohol consumption to prevent AMI were both significantly different by past-month drinking status on both the pre and post-tests (see Table II ). Drinkers were significantly more likely to talk to a health professional about AMI risk at both time points (P ¼ 0.035), and drinkers were also significantly Significantly different from pre to post-test at the P < 0.05 level.
Immediate effects of a brief intervention to prevent alcohol and medication interactions more likely to change their alcohol consumption to prevent AMI on the pre-test and post-test (P ¼ 0.001). Drinkers identified significantly less potential side effects than non-drinkers at both time points (P ¼ 0.043), even after controlling for marital status, education and past-year household income. No significant group-by-time interactions were found for drinking status, indicating that intervention effects from pre to post-test were similar for both drinkers and non-drinkers. Additionally, after controlling for potential confounders, no differences by drinking group were found for any of the perceived importance messages.
Discussion
The findings of this study support immediate, positive intervention effects on AMI awareness, intentions and perceived importance of AMI messages among older adults residing in rural regions. These results are consistent with other educational interventions that had immediate effects on the health knowledge and attitudes of older adult populations [34] [35] [36] [37] . The percentage of the sample that was taking medications was consistent with prior literature [1, 2] , but the percentage of participants that were classified as current drinkers was slightly less than in other older adult samples [3] [4] [5] .
Several indicators significantly increased after exposure to the intervention materials. The intervention included a recommendation for older adults to not consume more than one alcoholic drink a day, and recognition of this message increased from the pre to post-assessment. Participants also indicated increased willingness to discuss risk for AMI with their doctor or pharmacist, which was a directive in the AMI intervention. On the post-test, participants were able to identify more potential side effects of AMI, as well as medications that may be dangerous when taken with alcohol. While perceived importance of all AMI messages increased on the post-test, there were significant increases for statements related to safe levels of alcohol consumption and the importance of discussing AMI with a doctor or pharmacist.
Even after inclusion of potential confounders, results still varied based on participant status as a pastmonth drinker. Prior to exposure to the intervention, older adults who consumed alcohol were more likely than non-drinkers to discuss their risk for AMI with their doctor or pharmacist. When responding to this question, many non-drinkers may consider these discussions with health professionals as unnecessary given their lack of alcohol consumption. This irrelevance may also explain why nondrinkers were less willing than drinkers to change their alcohol consumption to reduce the risk for AMI, because these specific participants did not have any consumption patterns to change. While the majority of non-drinkers indicated that medications and alcohol should never be used together, few drinkers felt the same way. While it is not clear from these analyses, this difference may reflect risk for AMI as a potential explanation for why participants in the non-drinking group did not consume alcohol. In addition, participants who consumed alcohol identified less potential side effects of AMI than non-drinkers at both the pre and post-tests, which may indicate a lack of perceived AMI severity among older adults who consume alcohol.
There were no significant differences after exposure to the intervention for willingness to change alcohol consumption to prevent AMI, talk to friends and family about AMI risk, and act as a community advocate for safe alcohol and medication use. This lack of increase may be due to high levels of baseline willingness that was maintained after the intervention. Regardless of drinking status, participants also indicated high levels of baseline perceived importance related to messages of the severity and consequences of AMI as well as the need to seek immediate medical assistance in case of an AMI; the perceived importance for these indicators remained stable over time. A lack of group-by-time interactions indicated that while drinkers and nondrinkers did significantly vary at both time points, the intervention did not have differential effects by drinking status over time.
This intervention was grounded in the theoretical principles of the Health Belief Model [27] and the Information-Motivation-Behavioral Skills Model [28] . Both of these theories posit that an individual's knowledge of, perceived severity of and perceived susceptibility to a health outcome increase the likelihood of changing behavior to avoid this outcome. Given the finding that this intervention increased participant awareness of potential adverse side effects of AMI as well as perceived importance of messages related to risky alcohol consumption, behavior change related to alcohol consumption, medication use and interactions with health professionals in the future is hypothesized. In addition, high participant intent to engage in AMI health behaviors act as cues to action, a construct of the Health Belief Model directly linked to behavior change. Prior research has also shown that older adults reduce their drinking habits when they recognize that their alcohol consumption may be causing them harm [38] . While behavior change can be expected based on theory and prior research, future work is needed to evaluate the effects of the intervention on long-term behavior change.
When interpreting study results, it is important to know that the data was collected from a rural region of a single state and may not be generalizable to older adults from urban communities or other geographic locations. The research team was also unable to ensure that research subjects did not have symptoms of cognitive impairment that may have affected their ability to participate in the intervention or the assessments, however only nine participants indicated major physical or mental limitations on the pre-test. Additionally, self-report data, especially on health behaviors such as alcohol consumption, is subject to social desirability bias [39] . Therefore future research should replicate these results in other areas with varying demographic settings.
Given the high levels of both alcohol and medication use verified in this and other samples of older adults, it is important to educate this population on the potential risk factors associated with concurrent alcohol and medication use. The brief, pharmacybased intervention evaluated in this study shows the potential to have a positive impact on older adult awareness and behavioral intention for the prevention of AMI. Study participants displayed high levels of acceptance of the intervention and willingness to engage in AMI health behaviors. There is a need for increased focus on addressing AMI risk, specifically for older adults who consume alcohol. Future research should not only continue to examine varying needs based on alcohol consumption behaviors but should also assess the long-term impact of this brief intervention as well as its effectiveness in more diverse samples of older adults. Particularly, there is a need to verify study findings in urban settings, since the current study targeted older adults residing in rural regions, who are shown to be at greater risk for AMI.
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